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Abstract

‘1’lIclIIaIILtfiIctLiIt:01 t]i:tl Ic’lid)ility ulcxllollics :Issclllt)lics i’t)r slMcwI:Ift atd :, IOLIIILIsLIplK)rt
c(]l]il)t]wtil still 0ftc7tI involves IIIarIll:ll :lssL’IlitllyI)lfxl’ssus. 111:Iclditic)[t,IriY[)[k dII(l lCl)ilil ot’critiudl
:Issctlll)lirs disc) oftC[) c[tk[ils [Ililllll;ll :l~sctlll)ly tcct][li~lllcs. 1’01 t]i~tl kliability a]y)lic;t[iotls,
Clcarli[l:, is :1 [)111S[.‘I’l”il(litio[lilll~, 070[lL’ dcl)lc[il]:’,Cllclllicdls (01X’S) llil\Jt’ twc[l llscd to pcrforlll
cl~’drlirl~ol [Ilcsc cti[ic~ll :Isscl]lt)lics. Si[lc”r (JIX”s ill”t’[]() ILJII:J.CI-:Ic’ur])[olllc, dn itlvcs(i:, atimi wds
\)LIIsLIC’([10 I’(’i)]ilcc c)i~(’s ][1 tile {)])C’l;IIIOI1()[ 11:111(1C]t’:1[1111:7()~’lll:lllllill C’]C’C[lolliCS il\SC?Illl)]lCSilll([
CilblC llill”llL!SSCS.“1’llisCaw s(~ldy rc’views tlic’ ])1’oct’ss ()(’ IIou’ il difl’clc[lt Clc:llli[ly, h::(’11[W;ls
sclcctcd torcplim 01)(:s. It cliscusscs bo[tl tllc itltcr[liil and cx[vIIu~l cl-itc[iil to wlticll tllc>Iwwf :I$CIIt
llil(t to CC)llfoIlll ([) l“)CtlCCC])tLlblCtlS ii Slli(ilt’)lC lCplilC’CIIIL’[it,‘1’his study also ttrats [l)C llistmiml
t)Xkp,I”OLl)lCl,])mccSs dcvc’lo~)lllcllt, ilt”lCltllc diffelc[lt tcc}]nolo:ies tll:l[ Wt’I”Cscmtit]imcl [0 lirlcl a
SllC(’eSSflll I’C])]ilc(’I])CI]tto 11)(’C.[(]1(’(]cll}ilIIC]SOf SI)ilCCL’l”ilf[C’]CC’[1’()[licS.‘1’ccllnicd]Clil(ililllCl flncii[!:s
dwtlirlp, w~itllttle ciiffcrerlt a~)prouc}l~s :WL:I)lcsc[l[cd. ‘l’JIt’ itlfonlldtion ])]-[JVicledcm illSC)t)c :l~)f)llccl
tolll:ll]tl:ll ll:llld CICilllill: folloi~’il]~,lc~~’olk :111(!I(l):li[ olw[d[iorls.”
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“]’~TA),sel]]i-:lcjllec)lls (S/\) C]cdl]ill:: i]~,~i]t, solvvlit clci~tlit): il~’,t’[)[,isoptol)yl alcolIc)l (l I)A), ci(l)l~
ll:ll-[l(’SS, l-lllX resi(l~]t’, ionic l~si(lllc, ionic (’oll(il[llil)iltioll” tcs[il):., ll>l(ll’octllol’oi’l(lol’ocill”l)oll
(ll(’l ;(’), llyC~l’oj’]llol’[)Cill”\)O1) (Ill(’), vol;ltilc [llcctll~lsilox:l[lc (VMS), [Iyclloflllolc)ctllc[” (1111),
fl;lsl] ]minl (l;.l). ), vol:llilc C)l”:,illliCCC)Ill])C)LlllCl(V()( ’), oll[:r,assit]{l,.

Introciuction

‘1’tlc l;kctmrlic l’ilCkil~i[l: ill)(l I ‘ilt)ric:([io[l Scc[ion ii[ [IIC Jc[ l’lc)~)lllsio[l ] .:1[)01:1[01’}’”CWIIL’[)[IY
l)I()(ILICCSv:lriolls t~~)cs oj” [’C’AS ii[l(l ~il[>l~ ll:il[]cs~ il~s~llll>lics. II] IIl;IIIJ~cil<cs, ~()[l]])()])~llts il]~
still I])illllliil]y sO](lCI”cd to (IIC l’\~]] SLIIfilt’(’ to ~lL.i(t~ (IIC cOIIIl)lCt~(l (’(’A, illl(i Cill)lt’ tlill’llCSS
ilSSCll)t)ly oftCIl entails II);lllll ill sc)ldcril l:’,. ‘1’tlc C’Oll)l)[)ull(l 1,1.1 -tl-iCllloloc[tl:lrlu” (Tllclllyl
~(llol-”j’()[-i]],”‘l’<’A) IIIIS t)~~[] lISL’(! j’01 :1 t]lllt)t)~’1”oj” ~cit[s i~$ [1](’ ulc:tl]ill: il~,t’t]( Of clmicc i’01’
It’t]mvill: flus wsidllcs. ‘1’llis ll)il(C1’iill tlil< \’Cly :()()(! Cl(’ilIlill: ])()\I’1’1, :1 110[ too ovul-jx)tvctitl:
(Kio[, ;lIILIits f’lil., [k’ir]:. SCt ilt 3.50, is ilL’CL’ll[ilt)lC’!’[)1”11S(’ill [tIL’\VO1’kCt)virol)illcl]t. llo\\’t’VCl”, ItIt’
01)1’01’”1’{’A is ().15. Altllo~l:ll [his [lllllll)cl is [cl:ltivrly 11.~uJ,COIII});II”L’CIto 1.() f~~[~’l;(~-11 illl(l
(),8 fol” (’l;(~-l ]~, Iwc;lllse SLICII];II’::(’clutl[l(i[it’sWL’I”L’C{)IISLIIIIL’CI,it lV;ISl)I:Icc’(1ill (“atc:,L)I”yI (iIoLI]l
V illl(l its J)lodllCtiL)ll \\’ilS SILltL’(1to tK’ I)llilSt’(1 011[ il( [lIt’ (’11({ 01” 1995. llt’Cilll S(’ tly(ll’C)-
cl]lol-”j’lllol”()(’ill-l)()[~ (ll(; l:(’) ]-!l-b }lii~ ilboll[ tl]t’ sii!]l(’ 01)1” ils ‘1’(’A (SCC ‘]’ill)]~ ]), it- \\’ils
collsidc’rcd llllilCCC[)Ijl~)lC,111:id~litio[l, ~)I()(luctj()li t)l’]1(’f(” I-1]-1)u’ill CCiIS~:IS olJii[l Lliily 1, :)()()3.



Table 1: Boiling Points anti ODPs of Three Ozone Depleting Chemicals

Solvent b.p.’)c t>.p.[’F ODP

CFC-113 47,6 117,6 0.8

1,1,1 -trichloroethane -/4.1 165.4 0.15
(T-CA, methyl chloroform)

l{ CFC-141t) 32.0 ~cJ-/ 0.12

Cleaning Act vities in JF)L’s Electronic Packaging and Fabr cation

‘Iwo ciis[il)ct [vpcs ot’ tlar]d clr;ll)i[ly ;IICpcIi’orIIIcd :1[J1’1.. ‘1’llcsc:1[(’:[Iw Il;llld clcatlir],y 1)1’ci[clli[



Purpose of Cleaning in Electronics

[[ stmu]d bc kcl)l in tl]ind [IM[tt]c ct]ic!’ fwIIl of colltilllli[]:ltioll” in producing clcct[()[)i~ :hsc[l~t)ly
tl:ldWil[C is (’()[l[:lrlli[l:l[ic)[l left I’ronl [Ik’ s(-)ldcri[l: ol)cra[ion If] pdr[icLllar, this cont:l[]li[l:ltior]”
consists of flux residues. and in tbc Citst’ot s~lrl”ilct’mmlnt [’C’As, ptlstc rcsidllrs.

‘]’k LISCOf flllX, [)1”]XISIC’,is wiry i]npof-[anlili prducin$? L!n:Icuept:hlc solder jc)in[.’ ‘lk ;Icliot] ot
(I)r tlux is required fc)rttw followi[l~ rcdsons:

● ]ntcraul wilh nlct:t]s [0 rcllmvc oxi(ics lroll~ tlw sLIrfKc of the ]Ik:t:lls
:lt)clre[lciCrttleI]l:lctivc sotll:lt ostmng Illctdlul-gicd intcrmmxt
C;ln bt’ forl Ilcd bc[wccn [Ilc 1;111(1s011ttlc I’WII :111(1ttlc coIll])OIlcnt
li’ildS.

● Assist [lK cwn sl)lcxi an(i wct[ins of the w)idcr wl]i]c the
llN2tillil11”giC:llitltclcollllcctiotl” is bcin: Ill;lCic.

I’r[lc(ic:llly all illlxes, atld postcs, contain lllilt CI’iillS kno\\’[1 ilS :lC[iViltol”S. ‘1’IICSCIlliltt’riill S ill”C’tll~
ilCtiVC in:, rcdicnts that pcrfor In ttlc ilt)C)VC.tdsks of r~’n(lcri[): tlk? f]ll,s suitable fur crcd( in:. a :,omi
Sol(iel joi[lt, or Clt’Cll’iCillinttrconncc[. lrl ~TC1lC1’iIl.ttlC i)i:,imu [IICilC[iVdtol” IOii(litlj:, ttk> bt’t[t’l’ tllC
flux, c;r ])as[c, ])CIlorI IIs ill the soldcril)}l iIIoccss. [l[l[[)l-[lll~ilt~l~,[il~ l“~s](ill~s ]Cf’[f]’()]11[Ilcsc
ilCtiV21tOI”lllil[CI’iillS :lf[Cl”ttl~ l’1llx/solC!~’1’itl:~)l”t)UCSSCL\ll01’[L’11CLILISC[)UO1)ICIIIS011 clcctmlic llill’(i\V;ll”C
it’ [tlC~<:ll”Cnot CICilIICdpl’op(’l’ly. 111f:lc[, ilC[iVilt[)I”rcsidllcs I1:IVCbcscn directly pi[limil]tcd :1S tllC
L’illlSC iOI”Col’I’OSiO[l, ]Cilkil~.CCLII’1’CI)[S,tlIl(! ttlC dt’~.l’:ld:l[io[lofSlll’filCC insll]ilti Oll lCSiSt:lllCC.

Resicims, i!not r~’[llc)l’c(i])ric)]tc)[tlc: lI)]Jlicil[iC>llC)l’il Collt’ollllill” coat, can lcdd to tikc lol-rlldtioll of
vCsiCiCs,C)]’sl)lil]ib]istcrs, LIIICICI”[lICCOII!’01111:11COil[i!lg. cl’yp]Cilily, (llCSCVCSiC]CS211eCilLlSCL~by [he
ingression of Watt’r I)IO]CCLIIL:Sthl’OLl:}l thC Con forlllai C[)iltin: Il);ltC[iili (ILICto tllC iltlrtlC[io[l Of ttk’
WiltC1’i_@l’Ilygl-c)scopic. ionic n]:ltmiois left :If[cr tllc iluxin~ o~)criltion. ‘1’t]cbuil(iu~) of os]lmtic
pICSSLII”C:IS tllc W:I(CI forllls w~tlk h~g~~)~t’rlbon(is witil tll~ iol]ir [Ili(te[i:ll C:III i]~tllillly ~i\lls~ tll~
C()[lj()l’ll]:l]c[)iltil): to lif[, []111s]c:l(iin~,[()vcsiclcs. ‘1’ltcl)CC)CCSSis Calit’(i [])eaiit)g, 01’vcsica[ion. It
is CICill’lyi[l(iiciltivt’ [tlit[ CCI’[iliIl I“t’Si(illCSWC1’CIIOt [)1’Oj)Cl’1~l’t’lll[)Ve(lprior to il~)~~iyill}’tilt’ CO1lfO1’lll:li
COilti[l~.

lt SllL>LlldillSO\}CllOl”ll inmin(i ti):lt thC’bare l’Wli CiLll;11soCOIltilin resi(lues (Il;lt sholll(l h:l\’C’l)CTI1
1“(’IlloVC(ibut Sollletil]lt’s ;IK’ Ilot. SLICtlI’CSi(illCS;1S})iiltill: 211(ICtchill: S;Lit l’cSi(iLICS,:lCtiL’;ltot’S fl’0111
tiw soicicrrcllow process or ttlc tmt :Iir solder lcvciin:~ (I IAS1. ) process. and ptm(orcsist rcsidmx
;Il”csotlwtil]m foiltl(l on tl)C bilrt?1>W13.

(Xtl(?l’ sources C)! C()[ltilllli tl:ltiO[l ill’C: hil[ldii[l:, ])ill’liCLll:ll’i~b? hlllll:lIIS. :Ind p:ll”ti CLlliltCStll[lt C:Ill
;lrise trotn either processing, ll;lIILfliIi:,, O[’Y\JiliCllill”Cilil’-i~ot’ll.

internal and External Criteria
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‘I”hcin[C1”rlillcritcrid were:

● “[’k ncw Clc:lning Llgcntmust L’lcdn :ISWci] 01”bc[ler [h:m ‘1’CA
using both visual inspection critcri~l Nnciionic cont:ln]inil[iotl testing
criteria.

● The new cltxring a:cnt mus[ Imvc dn ozone dcpktion potcntiai
([)~r’) l~SS then 0.05 (“!’CA’s ~l[~f’ =_0. 1~).

● l’he new cleaning agent Inust bc deemed s:lfc to use, cspcci:~l]y
I’orh:lnd clcming operations.

● “1’hcncw clcanirl: agent lllllst cx!libit ym)d Il):ltcrid compatibility
with a wide wu”icty ot’ materials use(i In t:lt’c’tronics fuhricotion [In(i
ilsse[nbly,

● The ncw c]caning ugcnt should bc copablc 0[’bcins USN]in ii suitdblc
piccx of cleaning cc]uipl]lcnt :Ind neither prcse[)l d hdmrd, e.g.,
flamrnabili[y, nor en~it unci~wlosses to the ;~t[nospherc.

● “1’hencwckaning dgcnt mus[ not exhibit Llll:lcccl)t:ll)lL’c)Ll[:z:lssil]:
cl]:\r~icteristics llsirl: ty])ic:tl fli:tlt c()l}llcc[()rs:~[)(lI’WAS.

“1’hccxtcrml critrria were:

● ‘1’henew c]canin: agent nmst bc :rantcci, or aluca(ly have bcc.n
<Tr~~ntcd,SNAI> (Si~niflc:lnt New Alternatives l)l’O:,I”:InI) :lppt’OV:ll

;y tt)e LJ.S. EPA.

● The ncw clcdnin: agent shoul(i not bc considcrt:d il voldtilc
ouganic compound (VOC~)by Californi:l’s South (lmst Air
Quality Mam~gcn~cnt District (SCAQMII).

● If the new clemin: n:cnt ck)cs C()[l[ilill sonle VCKs,
it mLIst bc granted exemption by SCAQMI1.

First Set of Candidate Cleaning Agents

Back in (hc sullllllcr 0[ 1994, ill) initial invcstig;ltion w;ls condllcted to find d stli(ablc rcplwxllKnt
for 1,1,1 -tl’iCtllOI’OCtllil[lC. At thil[ tilll~, :1 llLIIllt)CI”of Lliffcr’cntChc[)listl”ids were on ttlc llMrkCt,
IllL\tly Ot the Ill clmsiile(i i[S SCIlli-21(]llCOLlS. ‘1’twt is, ttwy consislcd of eitlwr :1 tcrpm-bascci or’
notlter}>e[le-t):isecl 111iltt31iill,such ds wrious alcohol” lllixturrs. bllt tllC find rinsin:: agent WilS
f?mmlly w:ltcr’ or a low molcculw wci:!ht :Iluohol. At J1’I’s Electronics I’ilckiiging iitld
~;abricilti~[] fiicility, i~t l~i~st fit’t~~n(15) (Iiffcrcnt ll~iltCri:lls WCIC cx:lnlinccl. Most Of tt)~ Il)i\t~rii\ls
Lwcdin(hc initi:ll cv~llll:ltion tltld:l ~cro(())~)l)l’.
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Test Procedure—Hand

‘Ike test prmxlurc followed wds idenlicd lormch cleming ilgcnt. Five hundd micro]itcrs (500

pl)ofwr RMA llUX were pl~lcc(lc>[]e:lchI’WIJ to k tested. ‘lhc flux was :Illowcd to dry on tllc
bo;lrclforsixtl(>l[rs before tcstin: bcgm. I’hc board wm then clcmd torcm minute using fresh
cleaning :]gent and a hmd brush. Four PWBS were clwnecl pm wch cleaning agent. Two of the
boarcls were then placed in d suit;~ble ionic contamination tester :Inci two were sent for visual
inspcctic)rr.

Test Procedure-Beaker

Ag;iin, [hc test proaxiurc followed was identical for’ each clc:ming ii:ent. ‘1’hc f’WIls with l“ILIX
were prepm-ed the si]tne w;Iy as for the hmd c]canin: tesl. liacll board was clcmxl. for onc mirlutc
using a bc:tkcr fLIll of fresh cleaning xgcnt. ‘1’hcclei]nin: it:ent in the beaker was ugitatd LIrI(l
heated if this was recommended by the nlil[llIfdCtlll’Cr’. All four PWBS with hardcneci llux pcr
clcming agent were plxed sequen[iillly in tlult clcilnin: ;igcnt. After clCilning in the cl~il[]ing agent,
each boilrd was rinsecl for thirty scconcls using isopropyl alcohol (IPA) twice. Agiiin, two of the
boi]rds were then placed in il slliti]ble ionic contitmination tester i]nd two were sent for visual
inspection.

rw from the ionic cont:min:ltion tester were illSOgilthere(l tilketl fronl bo:]rcts covered with flux
iind cleaned only with the two I1)A rinsm to detcrnlinc hOW rllLICll CorltilrllilliltiOIl WilS iICILlillly
rc]noved by the lPA.

Visual Inspection

];or ViSllill inspection. a code \VOS :ivell to tl~e il~spCc[()[. foI” ;lssi:nitl:, thC I’CSLI1[S01’ [llC ViSLl~ll

inspection. This code was:

4 1lCilVy Corl[il[llirliltiOn.-..

5. No flux removed.

F’or each t)oiird inspectecl, the inspector assigned the b~i]rd onc of the above numbers iin({ tfro[c
down ;\tly i]d{iitioniii comments i~b~Lltthe boilrti.

Results of First Set of Candidates

The first stage elin)indtcd the cle:lnin: agents whose b~iir(ls showed an undcceptilb[y high level of
ionic contilmin:ition i~nd/or VISLlill]~exhlbiteci i] large visible llLIXucsidue alter cleaning. Also, those
solvcnts h;lvins iin Objcctionab]c odor, C{lLISCdc{i7,zincss,Or shortness Ot’br’cdth were eljIl]lniltC(!. At
this first stage, ten ( 16) of the fitteCtl ci~ndidiltCs WCICelinlirmc(l. OIIC ci~ndidilte, a solvent. tvM not
eli]nini]tcd: ri~ther, it wiis pLIt on the bdck-burner. so [O speak, b~citlise Of its COS[. Since this
[lliltCli:ll wm a ncw solvent fLlnctionin: very much like a Convent ionill solwnt, in this pilpCr it \vill
bc desi:nikteci iis Solvent #1. “1’hismaterial is discussed in more d~tilil below’. Scc Scconcl Set OF
C’il[ldi(iiltL?~lcming }\g(>ll[S.
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The scconci stage O( the invcstig:ltiorl CentCrCdon ttlc rern:iining foLIr’Candichltes. I [owcvcr. mthcr
than jLlst :ipply tlLIx:mci LIllow it [o stmci for’six hours (SCC:Ibove: Test ProcedLwc-FIwd :mi Test
]’l”OCCC]Llre—1~C21kCl”),thC (]LIXW:ISbilkCCion LIt350@~t’ol’fivC (5) lllinlltCS. “1’wOOf thC prOdLIC(S
exhibited som nmcriu] compatibility problems. TIILIs. these two were LIISOelin]irmeci. ~“hc third
material, senli-tlqueoLts, wus cieemcd fit for batch clcuning, bLltnot for hired Cieaning.

The irlvcstig:uion thLls down-sc]ectcd to onc remaining nlilteri:tl. ;l pctro]c Llm:b:lsect disti]latc
containing :1mixtLlrc of mixed alipbatic hycirocurbons (iIpp. 36-60 wt.%) anct a high nlolccLlhu”
weight illcot]ol ( ]-p I”opcJxy-2-pIc)p:~]]ol). This clc:ming ilgent is class ii’icd as a semi-qLlcoLls
mllteria] by the rnanu fdc[LIFcr, indictlting that it shoLI]d bc rinsed with w:kx or a low molecular
weight alcohol, sLIchas IPA. In this paper, this mutcrial will bc designated m Scrni-aqueoLv+ Agent
##l.

“1’hismaterial was considered, at first cut, to show good clcming resLllts based on both the ionic
contamination test md visLud inspection. in ad(iition, it cxhibitcci a mild odor reminiscent of baby
powder mci was not foLlnciobjectionable in this regard. 1(s ODP was zero, and it was not overly
expensive.

Semi-aqmous Agent #1 did, however, have several cirtlwbacks. A][hoLlgh it was a good clcmer, it
ciici not readily evaporate. Also, it haci il low Ilmh point (l;.l’.), niilncly, 44°~ ( 111‘F), so it
(infinitely coLIl(i not bc use(i in :1 trxiitional wiper’ dc~re;lser. EqLliprmnr tila( coLlld holci Scnli-
aqLlcous Agent # I ww carcful]y exwnitmi; however, the ecluipment was not cicemcci acceptable by
several oi the rnanufac[uring engineers. The cqLliprncnt was .judgeci to exhibit too many
unacceptable fc:lturcs:

● ~lLImsy opcra[or interface.

● Difficult to operate.

● The ec]uipment was pncunm[icidly driven (to minimize [he
flammability hazmi). but the volum of air requicect WLMgre:lter
then the pkmt ;Iir uvtlil:lb]e :~tthe use-site.

in aciciition, an outgassing test pcrforrneci using a iluorosilicone gromnlet/conrlector exhibiteci very
high outgassin: characteristics. Gas cl]ronl;ltogrtlr>tlic (K) m;llysis revealed that Semi-aqueous
Agent # 1 was o complex nlixture of ciiffercnt chemical ingre(iients, containing approximltcly 20
ciiffercnt chemical species. Sce Figure 4.

Second Set of Candidate Cleaning Agents

I)ecaLlse of ttlc problcl~ls :lssocia[ai With Selni-aqLlcoLls}\gcIlt #1. it wm cieciciui to reexamine the
issue and ~icterminc whether a ciifferent sort of cleming agent woL]]cisLlffice. ]n the rmm~;hile. a
nLlnlbcr of ncw clcmin~ agents also enmrgcci in the nmketp]:tce, mci several of these appcare(i
promising as potcntitll canciici:~tes for replucing TCA in the ekc[ronics hanci cieaning wscmbly
c)pcrations. In addition, Solvent #1, which was mentiomci ~~bove,bad given good resolts. It ~~ils
clirninateci initially bccmsc of its high cost, }Iowever, it wm reconsidercxi, alonfl witi~ sornc of the
newer solvent materi~lls (1INwere be-ginning to e[llcrgc.

in 1995-96, severid other cle~]ning options were :~vililoblc

.’ CLNlx~n(iioxi~ie impingement clcmins.
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Figure 9 Different technician simulating hand assembly for TWA testing

Figure 10 Tech nician cleaning final assetnbly 1
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Figu
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Figure 8 Technician simulating hand assembly for 8-hr TWA testing
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Figure 5 The authors discuss a point prior to initiating the 8-hr TWA test

Figure 6 Technicians at their work stations during 8-hr TWA
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Figu re 3 Technician completing cable harness assembly on moc kup
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Figure 4 Gas chromatographic analysis of Semi-aqueous Agent #1
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Figure 1 Technician performing hand assembly on a PWB

Figure 2 Technicians conducting manual PWB assembly
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● Very good material compatibility with a number of different polyrnerics and metals.

● No signiilcant global warming potential.

● Can be used in a conventional vapor degreaser. However, a degreaser having a
minimum of 100% freeboard, extra chilling coils, and a suitable rolltop cover
are highly recommended to keep solvent losses at a minimum.

In the case of Solvent #2-M, the following disadvantages pertain:

s Very high VOC loading, approximately 47 wt.% of the formulation is VOC.
This may pose i.Iproblem in some locations.

● Expensive-est. cost -$140-$ 145/gal. (5-gal pail quantities).
Note: Solvents are sold on a weight basis, not on a volume basis. A 5-gal
pail contains 51.0 lb.; the manufacturer’s recommended price for this qLumtity
is $13.95/lb.
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~ Solvent #1-M did u good job ot’cleaning. Solvent #2-M tended to shift the flux
uway and leave the board sticky, more solvent was required to clean the board.

2 Both solvents evaporate at an acceptable rate.

The conclusions to be drawn:

(1) In the case of Solvent # 1-M, the following advantages pertain:

● Regarding cleaning power, Solvent #l-M = 1,1,1-trichloroethane, whereas
Solvent #2-M <1,1, l-trichloroethane.

● Easy to use. It is a direct replacement for solvents bosecl on CFC-113 and for
TCA.

● Very good material compatibility with a number of different polymeric and metals.

● No significant global warming potential.

● Can be used in a conventional vapor degreaser. However, a degreaser having a
minimum of 1009Iofreeboard, extra chilling coils, and a suitable rolltop cover
are highly recommended to keep solvent losses at a minimum. There is a caveat
regarding using [his material in a degreaser. See be]ow.

In the case of Solvent #1 -M, the following disadvantages pertain:

● Low PEL. During the 8-hr TWA test, two of the five technicians exceeded the
PEL which is currently set at 50 ppm, However, proper training could probably
reduced the exposure so that it could be kept under 50 ppm. This is evident since
three of the technicians managed to stay well Lmder the 50 ppm limit.

Finite ODP of 0.03–therefore, production will eventually cease (the current
phaseout date is currently set at January 1, 2015).

Expensive–est. cost -$125-$135/gal. (5-gal pail quantities).
Note: Solvents are sold on a weight basis, not on a volume basis. A 5-gal
pail contains 44.1 lb.; the manufacturer’s recommended price for this quantity
is $14.15/lb.

AlthoLlgh it can be Llsedin u conventional vapor degreaser, the particular
formLdation is not azeotropic. That is, it may be sLlbject to fractionation,
leading to an unacceptable buildup of its flammable ingredients, especially
the cyclohexane. However, precautions can easily be taken to prevent this
from occurring.

(~) In the case of Solvent #2-M, the following advantages pertain:

● Also a good cleaner, but probably not quite as good as Solvent #1-M.

● Zero (0) ODP. Therefore, there is no phaseout ciate.

● Easy [o use. It is a direct replacement for solvents based on CFC-1 13 and for
TCA.
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through the tube. The tubes were analyzed using gas chromatography to determine the amount of
solvent to which each technician was exposed. However, the test was set LIp and conducted by the
personnel of the manufacturer producing Solvent #2-M. The results are presented in Table 3 above;
the ilgures given in Table 3 (Row 2) are only for the amount of HFC to which each technician WLLS
exposed.

Conclusions

The two solvents that were closely scrutinized as suitable replacements for 1,1, I-trichloroethane in
manual electronics assembly are:

1. Solvent #l-M:

● HCFC Isomer #1 38.3 wt.%
● HCFC Isomer #2 46.8 wt.%
● Cyclohexane 10.0 wt.YO
● Ethyl alcohol (EtOH) 4.5 Wt.~0
● Stabilizers 0.4 wt.%.

2 Solvent #2-M:

● HFC 53.5 wt. ~o
● Trans- 1,2-dichloroethy lene (t-DCE) 25.0 wt. %
● Cyclopentane 15.0 wt.910
● Methanol (MeOH) 6.0 wt.%
● Nitromethane (MeNO~) 0.5 wt.Yo.

Both of these solvents are not perfect replacements for 1,1,1-trichloroethane. Both can be used in a
conventional vapor degreuser (see the caveat below regarding Solvent #1-M). However, because
both are expensive, the degreaser ought to be provided with extended freeboard, an extra set of
chilling coils, a roll-away cover, etc. to help prevent undue solvent losses to the atmosphere.

During the 8-hr. TWA test, each technician was asked to assess each solvent. The questions to
which they were to respond were:

1 Is it as easy to use overall as 1,1, I-trichloroethane’?

2 Does it clean as well as 1,1,1 -trichloroethane?

3 Did yOLI dislike its odor?

g Is there anything else yOLI noticed about it that yOLIdidn’t like?

2 Any other comments’?

The responses returned were:

J. Both were, overall, as easy to use as 1,1, l-trichloroethane.

?= In general. Solvent #1-iM cleaned better than Solvent #2-M. See Comment 4.

?* Solvent # 1-M is equivalent in odor to 1,1, l-trichloroethane, whereas Solvent #2-M
has little or no odor. See Table 2.
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8-Hr. Time Weighted Average Testing

The following two solvents were tested to cletermine their 8-hr. time weighted average (TWA):

8 Solvent #1-M.

● Solvent #?-M.

Five selected Section 349 technicians simulated hand soldering and manual cleaning of printed
wiring assemblies for two hours (one hour for each solvent) using the new solvents. Figure 5
shows the authors discussing a point prior to the initiation of the test. Figure 6 shows the
technicians seated in the assembly room working at their work stations. Figure 7 shows one of the
authors and a member of the JPL Environmental Affairs Section observing the technicians’
activities during the 8-hr TWA test. The TWA determines whether the technicians can use each
solvent under normal working conditions in a normal working environment without exceeding the
solvent’s permissible exposure limit (PEL). For Solvent #2-M, the PEL is 200 ppm; for Solvent
#l-M it is 50 ppm. This latter figure was set by Solvent #l-M’s manufacturer; it may be revised
LIp to 100 ppm.

Each technician performed manual assembly on a dummy PWB at her work station, Since all
technicians worked continuously during the test, it constituted a worst case exposure to the
solvent, Figures 8 and 9 show two separate technicians simulating assembling a CCA at her
workstation. In Figure 8, the cleaning agent dispenser bottle can be seen at the center-right of the
photograph at the upper right corner of the board. In several cases, the technician also got up, went
into another room with a fume hood, and performed cleaning off the entire assembly using the
particular solvent being tested. This activity is displayed in Figure 10.

The Solvent #1-M test was performed in the morning. Each technician had attached to her an
activated charcoal tube and a small pump that drew room air through the tube. The tubes were
analyzed using gas chromatography to determine the amount of solvent to which each technician
was exposed. In the case of Solvent #1-M, the test was set Llp and conducted by JPL Safety
Operations. The results are presented in Table 3 below; the figures given in Table 3 (Row 1) are
only for the amount of HCFC to which each technician was exposed.

Table 3: Results of 8-Hr. Time Weighted Average (TWA) Testing

Solvent Techni- Techni - Techni- Techni - Techni - Back-
cian #1 cian #2 cian #3 cian #4 cian #5 ground

ppm ppm ppm ppm ppm ppm

Solvent #l-M 26.0 22.0 86.0 25.0 95.(J 2.0

Solvent #2-M I 20.4 15.6 55.3 — — —

The Solvent #2-M test was condLlcted in the early afternoon. Since one of the technicians cou]d not
be present for this test, only three rather than five actually participated. As with the Solvent #l -M,
each technician had attached to her an activated churco~ll tube and a small pump that drew room air
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● 1 = No et’tkctive odor.

The results m-e reported in T:lble 2 below. Based on these results, the following rtmking ww
obtained:

Solvent #6 (not tested) >> Solvent #4 (n-propyl bromide) >> TCA > Solvent #1-M
(HCFC/EtOH/cycl ohexane) > Solvent #5 (VMS) > Solvent #2-M (l{FC/t-DCE/MeOH/
cyclopentane)

where > indic~ltes the solvent exhibited a more obnoxious odor.

Table 2: Solvent Odor Test

Solvent

TCA
(control)

Solvent #l-M

Solvent #2-M

Solvent #4

Solvent #5

Solvent #6*

Person Person Person Person Person Ave.
#1 #2 #3 #4 #5

7 6 1 3 5 4.4

3. 6 1 2 3 3.0

3 1 1 2 1. 1.6

10 9 4 3 7 6.6

2 2 1 2 4 2,2

10 10 10 10 10 10.0

Note: Solvent #3 also has u pungent odor. but it wmn’t tested since it hwd already been eliminated
as it candidate.

‘KSolvent #6 is Lllso i~form of HFC; in fact, it was triiluoromethylbwnzene (C7H~FJ). This imlterid
had a very powerful. ctisugreeable odor. It wasn’t considered as NTCA replacement candidate, bllt
it WM used in the odor test as im upper limit for unacceptable odor.

Based on all the results up to this point, it wus decided to drop Solvents #4 und #5, und proceed
with Solvents #1-M ~]nci#2-M.
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● There was a genuine concern that the removed t’lLIx.having been rendered vola[i]~,
might redeposit on the harclware.

For these t-eusons, this method of cleaning was not pUIXUed further.

‘7 Solvent #l, Although in general this material, the stabilized uzeotrope of the HCFC isomers
~nd ethyl alcohol, rendered good results, h often left an unacceptable white residue (WR). The
manufacturer was consulted, and a moditled solvent was recommended. In addition to the two
HCFC isomers and ethyl alcohol, the modified solvent also contained cyclohexane. In this paper,
this modified solvent is designated as Solvent #1-M, This material worked quite well in all respects
and was considered to be a candidate for final consideration. The modified material (Solvent #l-M)
investigated WLLSan azeotrope-like formulation containing the following ingredients:

● HCFC Isomer #1 38.3 wt.%
● HCFC Isomer #2 46.8 w[.%
● Cyclohexane 10.0 wt. %
● Ethyl tdcohol (EtOH) 4.5 wt.?Zo
● Stabilizers 0.4 wt.%.

3 Solvent #2. .41though in general this material, the stabilized azeotrope-like solvent
consisting of the HFC, t-DCE, MeOH, and MeNO., rendered good results, it also often left an
unacceptable white residue (WR). The nmnufac(urel: was consulted. and a modified solvent was
recommended. In addition to the cited ingredients. the modified solvent also contained
cyclopentane. In this paper, this modified solvent is designated as Solvent #2-M. This material
worked qLlite well in all respects and was also considered to be a candidate for final consideration.
The modified material (Solvent #2-M) investigated wtis an azeotrope-like formulation containing
the following ingredients:

● HFC 53.5 Wt.~0
● Trans- 1,2-dichloroethylene ([-DCE) 25.0 wt. ~c
● Cyclopentane 15,0 wt.%
● Methanol (MeOH) 6.0 wt.%
● Nitromethane (MeNO~) 0,5 wt.%.

q Solvent #3. When a 3-D model was run to arrive at an ODP value for this materitd, it
emerged unacceptably high, that is, Solvent #3’s ODP > 0.1. Hence. it was withdrawn from any
further consideration. It did, however, clean in an acceptable fashion.

z Solvent #4. This material did clean in an acceptable fashion. but it htid, h the opinion, of
many of the technicians, a powerfLil and Lmpleasant ocIor. See Table 2.

6 Solvent #5. Upon evaluation, this material did not remove flux any better than IPA. Hence,T
It was withdrawn from any further consicieration.

Odor Test

Because odor can be an impor[ant f~ctor, espeiia]ly for situations calling for manual cleaning, it
was decided to run a test Uti]izing five Ciifferent technicians to determine the e~ten[ Of how

offensive the odor acILIa]ly W:ISOf the variolls cleaning agents under consideration. Admittedly this
test was qualitative. The scale Llsedwas:

● IO = \Vorst case.
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● Solvent #1.

● .solvcnt #2

● Solvent #3.

● Solvent #4.

● Solvent #5,

A brief description of each solvent is given:

Solvent #1. This material is classified as a hyclrochlorotluorocorbon (HCFC). Thtit is, the
molecule contains the following elements: hycirogen (H), chlorine (Cl), t]uorine (F), and carbon
(C). The original material investigated was the ethyl alcohol (EtOH) azeotrope of two closely
related HCFC isomers. This materiul has a small. but t’inite. ODP, generally given as 0.03. The
presence of the chlorine in the molecule causes it to have a tlnite ODP. Under cul~ent EPA rules, it
is due to be phased OLI[of production in 2015.

Solvent #2. This material is classified as a hydrofluorocarbon (HFC). That is, the molecule
contains the following elements: hydrogen (H), fluorine (F). imd carbon (C). Since the molecule
contains no chlorine, it hm a zero (0) ODP. The original rmueritil investigated was an azeotrope-
like formulation containing the following ingredients:

● HFC 50.5 Wt.%
● Trans- 1,2-dichloroethylene (t-DCE) 43.0 wt.%
● Meth:mol (MeOH) 6.0 wt.’%
● Nitronle(hane (MeNO,) 0.5 wt.%.

Solvent #3. This ~naterial was chlorobromomethane.

Solvent #4. This material was 1-bromopropane (n-propyl bromide).

Solvent #5. This moterial was a volatile methyl siloxane (VMS) designed for hand cleaning
operations.

Results of Second Set of Candidates

J_ Carbon Dioxide [impingement Cleaning. This method utilized a suitable gun that directed
small. solid carbon dioxide (CO. ) pimicles at the work piece. in effect ~~ctinganiilogous to a sand
blusting operation. That is, the c~ntumintition, in this cuse flLIx residLle, was simply removed by the
mechanical energy of the impinging CO~ pellets,

After ti caret’ul ewduution, it was noted that this metho~! of cle:ming JVUSnot s~ltisfilctory ‘for the
following reasons:

. 1[ww very oper:][or-dependent to ~lchieve adequilte cleming.

● It took un :lverage of 3-5 minutes to remove the flux resictues

● it Ciidn’t always result in complete flux rcnmvtll


